Background: While much is known about the overall levels of physical activity and sedentary activity among youth, few studies have attempted to define clusters of such behaviors. The purpose of this study was to identify and describe unique classes of youth based on their participation in a variety of physical activity and sedentary behaviors. Methods: Latent class analysis was used to characterize segments of youth based on patterns of self-reported and accelerometer-measured participation in 12 behaviors. Children and adolescents (N = 720) from 6th-11th grade were included in the analysis. Differences in class membership were examined using multinomial logistic regression. Results: Three distinct classes emerged for boys and girls. Among boys, the 3 classes were characterized as "Active" (42.1%), "Sedentary" (24.9%), and "Low Media/Moderate Activity" (33.0%). For girls, classes were "Active" (18.7%), "Sedentary" (47.6%), and "Low Media/Functional Activity" (33.7%). Significant differences were found between the classes for a number of demographic indicators including the proportion in each class who were classified as overweight or obese. Conclusions: The behavioral profiles of the classes identified in this study can be used to suggest possible audience segments for intervention and to tailor strategies appropriately.
Physical activity (PA) is crucial for children's normal growth and development; the lack of which is a well-established risk factor for several chronic health outcomes, including obesity. [1] [2] [3] [4] [5] Given that PA habits formed early in life may continue into adulthood, regular participation in PA during childhood and adolescence is of critical importance. There are many different types of activities and ways in which activity patterns can be described, including time spent in structured versus unstructured PA, specific types of activities and sports, weekday versus weekend involvement, as well as participation in sedentary pursuits. While most research revolves around the frequency and duration with which youth participate in these activities, understanding the details, patterns, and types of activities that young people participate in may help elucidate what determines total involvement and how specific types of activity may contribute to greater health outcomes.
To develop effective interventions, beginning with a clear definition of who one's audiences are, is essential. [6] [7] [8] Audience segmentation is a process by which a broad population is divided into a smaller number of homogeneous subgroups, known as segments, based on meaningful patterns of behaviors or attitudes. When such groups are identified and understood, targeted interventions can be developed to address their unique characteristics and needs. Unfortunately, typical strategies for segmenting audiences are often based on simple demographic or geographic characteristics rather than theory or empirical evidence.
Latent class analysis (LCA) is one statistical tool that offers considerable promise in audience segmentation methods. A growing number of public health studies have applied LCA to successfully identify behavioral typologies of substance use, [9] [10] [11] smoking, 12 and dietary behaviors; [13] [14] [15] however, to date, no studies have been published that have applied LCA to children and adolescent's PA and sedentary behaviors. Using LCA, Metzger and colleagues 16 assessed whether patterns or classes exist among adults based on accelerometer-measured PA data from the 2003 to 2004 National Health and Nutrition Examination Survey. Five classes of PA patterns were determined based on daily bouts and minutes spent in PA. The authors of this study concluded that a substantial portion of the US population of adults would be classified into patterns of PA that represent low levels throughout the week.
The purpose of this study was to identify homogeneous classes of children and adolescents based on their participation in a variety of PA and sedentary behaviors and to describe the classes based on demographic characteristics. It was hypothesized that among children and adolescents, there are distinct subgroups, and that the identification and characterization of these segments can aid in the development of interventions tailored to their specific needs.
Methods

Study Population
Data for this study are from baseline data collected as part of 2 separate cohort studies: the Identifying Determinants of Eating and Activity in Adolescents (IDEA) study 17 and the Etiology of Childhood Obesity (ECHO) study. Both studies were designed to examine the potential risk and protective factors of childhood obesity at the individual, family, home, school, and neighborhood levels and included identical measurement protocols and instruments. Recruitment procedures and the timing of data collection differ for the 2 studies and the samples included are independent. Given that the measurement procedures were identical for these 2 studies, the cohorts were combined for this analysis to provide a larger, more diverse sample.
For the IDEA study, data were collected annually over 24 months on a cohort of youth aged 11 to 17 years old at baseline and 1 significant adult (a parent or guardian with whom they spent a significant amount of time). Time 1 (baseline) data collection took place from November 2006 through May 2007. Youth were recruited from within the 7-county metropolitan area of Minneapolis/ St. Paul, Minnesota via 3 recruitment strategies: (1) an existing cohort of children and adolescents participating in the Minnesota Adolescent Community Cohort (MACC) tobacco study, 18 (2) a Minnesota Department of Motor Vehicle list, and (3) a convenience sample drawn from local communities. 17 The ECHO study is designed to collect data at 2 time points over 3 years on a cohort of youth aged 10 to 16 years old at baseline and 1 significant adult. Time 1 or baseline data collection for the ECHO study took place from September 2007 to May 2008; time 2 is scheduled for September 2009 to May 2010. Youth and parents for the ECHO study were recruited through HealthPartners, a managed care organization in Minnesota. Recruitment was designed to enroll a sample representing both healthy and overweight youth and adults and higher racial/ethnic diversity than the IDEA study. For both studies, youth were ineligible to participate if they planned to move from the area in the next 3 years, had a medical condition that affected their growth, were non-English speaking, and/or had any other physical or emotional condition that would affect their diet/activity levels or make it difficult to complete measurements.
Measures
For both studies, all measurements were completed during a 2-hour clinic visit and via several take-home instruments. Clinic visits were scheduled MondayThursday and on Saturdays, thus, the specific days of the week that each child recalled or completed measurements was different. During each clinic visit, youth and their parent were given brief background on the study, confirmed consent and assent, and then were separated for subsequent measures (eg, self-administered surveys, anthropometric measures) administered by trained data collectors. The University of Minnesota Institutional Review Board approved all recruitment, consent and measurement protocols for the IDEA and ECHO studies.
Physical Activity-Accelerometers. Average minutes per day spent in moderate-to-vigorous physical activity (MVPA) on weekdays and weekend days was measured with the use of uniaxial accelerometers, specifically the ActiGraph model 7164 (ActiGraph, Pensacola, FL). The ActiGraph has been shown to have high interinstrument reliability and to be valid in samples of children and adolescents. 19 At each clinic visit, children were fitted with the accelerometer and were instructed to wear it during waking hours for a total of 7 days. Participants were given postage-paid envelopes and were asked to mail the monitor directly back to data collection staff, who subsequently downloaded all data.
A number of exclusion and inclusion criteria were specified to reduce the accelerometer data. First, 30 minutes of consecutive counts of '0' were used to indicate that the accelerometer was not being worn and these data points were excluded. Next, days with less than 8 hours of data were excluded from the analysis to account for unrepresentative days of activity. Participants with at least 3 out of 5 weekdays and at least 1 weekend day of valid data were included in their respective analyses.
The number of accelerometer counts recorded were used to estimate and categorize the data by intensity level to provide minutes per day spent in MVPA based on the age-specific equation of Freedson et al (2005) . 20 The convention of Troiano et al 21 was used where MVPA equals 4 METs (metabolic equivalents) or greater. Mean minutes of PA was then dichotomized with '1' indicating less than 30 minutes of MVPA per day and '2' indicating 30 minutes or more per day. The 30 minute criterion was chosen as opposed to the recommended 60 minutes 2 as youth in this sample were only participating in a mean of 29 minutes and 21 minutes of MVPA on weekdays and weekend days, respectively. A parallel recoding scheme was adopted for all of the following dichotomized behaviors, with '1' representing lower levels or no participation and '2' representing higher levels in the given activity.
Physical Activity-3-Day Physical Activity Recall. The 3DPAR was used as another measure of PA of youth. 22 For each of the 3 days preceding their clinic visit, participants indicated their main activity performed during 30-minute time blocks beginning at 6 AM and ending at midnight. The full 3DPAR included a list of 70 commonly performed activities. For this study, 44 relevant activities of similar characteristics were grouped together. The category of traditional sports included 14 activities such as basketball, cheerleading, and hockey. Fitness activities included 11 activities like aerobics, weightlifting, and yoga. The category of other sports and PA included 15 activities such as playing active games, skiing, and skateboarding. Lastly, chores/work included playing with children, working, doing house chores, and yard work. Youth were considered a participant in a specific category of activities if they reported engaging in that activity for at least 1 30-minute session over the 3 days recalled. Assessing PA over multiple days, as done here, has been shown to provide reliable and valid estimates of usual activity in children as young as the fifth-grade. 23, 24 Sedentary Behaviors-Student Survey. Sedentary behaviors were measured with self-administered surveys using items adapted from the Planet Health 25 and Project EAT 26 studies. Participants were asked how many hours they spend (1) watching TV, (2) watching DVDs or videos, (3) reading/homework, (4) Nintendo/Play Station/computer games, (5) internet/computers, and (6) talking on the phone or cell phone/text messaging for both typical weekdays and weekend days. Categorical response options included 1 = none, 2 = less than 1/2 hour, 3 = 1/2 hour to 2 hours, 4 = 2 1/2 hours to 4 hours, 5 = 4 1/2 hours to 6 hours, and 6 = 6 hours or more. These categorical response options were converted to the mean minutes represented by each category (ie, 1 = 0 minutes, 2 = 15 minutes, 3 = 75 minutes, 4 = 195 minutes or 3 hours and 15 minutes, 5 = 315 minutes or 5 hours and 15 minutes, and 6 = 360 minutes or 6 hours) and time per average weekday and average weekend day were summed and weighted according to day of the week to calculate the total number of hours per day spent in each of the sedentary behaviors. Each activity was then dichotomized according to national recommendations (ie, 2 hours for TV watching) 27 and by conceptually and empirically appropriate splits (ie, 1 hour for video games and 2 hours for reading).
D e m o g ra p h i c a n d A n t h ro p o m e t ri c I nforma-
tion. Demographic information of youth gender, date of birth, grade, race/ethnicity, and family living arrangements were self-reported by children on the student survey. Parents reported their highest level of education and whether their child qualified for free or reduced-price lunch. Trained and certified staff members collected height and weight data. Height was measured with children barefoot, using a direct reading, portable stadiometer (Shorr Productions, Olney, MD); body weight was measured barefoot and wearing light clothing, using an electronic scale/body composition analyzer (Tanita TBF-200A; Tanita Corporation of America, Inc., Arlington Heights, IL). The average of 2 height values and 2 weight values was used to calculate body mass index (BMI).
Statistical Analysis
Given the identical protocols and measurements, baseline data for the IDEA and ECHO cohort studies were combined for analyses. The underlying classes were determined based on youth's participation in 12 activities: (1) MVPA on weekdays, (2) MVPA on weekend days, (3) traditional sports, (4) fitness activities, (5) other sports and PA, (6) chores/work, (7) watching television (TV), (8) watching DVDs or videos, (9) playing video games or computer games, (10) using the Internet/computer, (11) talking or texting on the phone, and (12) reading/ homework. Table 1 presents each of the variables, their source, and how they were categorized.
Descriptive statistics were calculated, and the prevalence of each of the 12 PA and sedentary behaviors were examined for the total sample and for boys and girls, separately. Differences in the prevalence of each behavior between boys and girls were assessed using chi-square tests. To examine the structure underlying the set of 12 PA and sedentary behaviors, LCA was performed using SAS PROC LCA (SAS version 9.1, Cary, NC: SAS Institute Inc.). 28 LCA is a statistical method that is used to estimate the number of latent (ie, constructs that cannot be observed directly) homogeneous classes in a heterogeneous sample based on the pattern of responses on 2 or more observed variables. 29 The parameters that are estimated in a latent class model are (1) the proportion of the sample composing each class (latent class prevalence) and (2) the probability of reporting each behavior within a particular latent class (response probabilities). In PROC LCA, missing data are managed by maximum likelihood using an EM (expectation-maximization) procedure, with data assumed to be missing at random. 28 To select the appropriate number of classes and maximize model fit, a series of latent class models were fit to the data. First, the most parsimonious 1-class model ("all youth the same") was fit and then successive models with an increasing number of latent classes (up to 6) were estimated. To detect any model identification problems, 100 iterations of each model was run using randomly generated seed values. The resulting likelihood ratio values (G 2 ) were compared across the 100 iterations and the solution which most frequently resulted in the same G 2 value was identified as the maximum likelihood solution. 28 Determining the proper number of classes that adequately described the sample was based on an examination of statistical fit indices and conceptual considerations. First, the G 2 statistic was examined in relation to the degrees of freedom for each model. Generally, if the G 2 estimates are less than the model's degrees of freedom than the model is identified as having reasonably good fit. 30 However, because models with different number of latent classes are not nested it prevents the use of a likelihood ratio chi-square test. Therefore, other fit statistics, namely the Akaike Information Criterion (AIC) 31 and the Bayesian Information Criterion (BIC) 32 were examined. In comparing different models with the same set of data, models with lower values are preferred. Lastly, theoretical implications and distinctiveness of each latent class profile was examined to guide decisions regarding the appropriate number of classes. The aim was to have high correspondence between established classes and some practical interpretation of what the classes indicated.
Given the known differences in PA and sedentary habits betweens boys and girls, 33-36 a nested, multigroup LCA procedure was run based on the number of latent classes identified in the full sample. Comparisons were made between a freely estimated model (unrestricted model) and a model where parameter estimates were restricted across groups (ie, boys and girls). Lastly, youth were assigned to the class in which they had the highest posterior probability of membership (ie, the maximumprobability assignment rule). The average posterior probability of membership was calculated for each class, given class assignment, to assess the reliability of the LCA class assignments (ie, values close to 1 indicate good classification accuracy). Demographic characteristics were compared among each of the emergent latent classes using chi-square procedures and latent multinomial logistic regression. These analyses served to characterize the classes more clearly, as well as to provide evidence that there were meaningful differences between the classes. Table 2 presents characteristics of the children and adolescents enrolled in the IDEA and ECHO studies.
Results
Descriptive Characteristics of the Sample
In total, 720 youth are included in these analyses with a mean age of 14.7 years. Youth were in grades 6 to 11 (46.5% in 6th to 8th grade and 53.5% in 9th to 11th grade) and roughly half were male (48.9%). Nearly 85% of the analysis sample was white and the majority of parents had a college degree or training beyond college (64.1%). Approximately 13% of the sample was classified as overweight (BMI ≥ 85th < 95th percentile) and another 13% were considered obese (BMI ≥ 95th percentile) according to the 2000 Centers for Disease Control and Prevention BMI-for-age growth charts. 37, 38 Prevalence estimates for each of the 12 behaviors as well as means and standard deviations are shown in Table 3 . Prevalence ranged from 22.9% (MVPA for 30 minutes or more on weekend days) to 53.8% (using the computer or Internet for an hour or more per day). Boys participated in significantly more MVPA on both weekdays and weekend days and in traditional sports and reported higher levels of watching TV and playing video games than girls. Girls reported participating in more chores and work activities, talking or texting on the phone, and reading/homework than boys.
Estimation of the Number of Latent Classes
Model fit indices for each of the 6 models (ie, 1 to 6 classes) suggested that the latent class model consisting of 3 classes (3-class) was the most appropriate model for the data. Table 4 presents the fit indices for each of the 6 models. The 3-class model had a BIC score (2280.44) similar to the 2-class model (2279.17) and lower than the 4-class (2313.49) solution. The AIC values decreased toward the 3-class solution and continued to decrease slightly thereafter. In addition to these empirical measures, the 3-class model was chosen as the final model for reasons of ease of class interpretability and conceptual meaning. Abbreviations: MVPA, moderate-to-vigorous physical activity; TV, television; DVD, digital video disc.
Note. Total sample = 720, though sample sizes for individual analyses vary slightly due to missing data. Differences between boys and girls assessed via t test. Note. Underweight ≤ 5th percentile, Healthy weight = 5th to <85th percentile, Overweight = 85th to <95th percentile, Obese ≥ 95th percentile.
Measurement Invariance Across Gender Groups
To test for measurement invariance among boys and girls, model fit was compared between the 2 nested models by examining the difference in the G 2 (G 2 restricted -G 2 unrestricted = 101.9) to a chi-square distribution with degrees of freedom (df) equal to the difference in degrees of freedom (df restricted -df unrestricted = 36). The significant P value (P < .0005) suggested that the null hypothesis of measurement invariance should be rejected and that modeling should be conducted separately for boys and girls. 28 Models were subsequently reestimated for boys and girls separately to provide group-specific interpretations of the 3 latent classes for both groups. Table 5 presents the results of the stratified LCA, including the proportion of boys and girls in each class (latent class prevalence) and the probability of reporting each of the 12 behaviors within a particular latent class (itemresponse probabilities). The estimated probabilities for each of the emergent classes are also displayed graphically in Figure 1 to aid interpretation.
Latent Class Profiles
Latent Classes of Boys . Among boys, class 1 accounted for 42.1% of the sample and was distinguished from other classes as being the "Active" class. Boys in this class were more likely to participate in higher levels of MVPA on both weekdays (item-response probability: 0.76) and weekend days (0.62) and have the highest probability of participating in traditional sports (0.59) and fitness activities (0.44). Class 2 represented about a quarter (24.9%) of the sample of boys and can be characterized by their high participation in screen media activities and reading/homework. For example, boys in class 2 had the highest probability of watching TV for 2 or more hours per day (0.70), playing video or computer games (0.86), using the Internet or computer (0.72), and watching DVDs or movies (0.64) for an hour or more per day, and for reading or doing homework for 2 or more hours (0.55). On the other hand, boys in this class had relatively low probabilities of participating in PA, particularly on the weekend (0.17). As such, class 2 for boys was labeled as the "Sedentary" class. Class 3 accounted for 33.0% of boys, and was the second largest of the 3 boy classes. Class 3 was considered the "Low Media/Moderate Activity" class as boys in this group tended to have relatively low to moderate probabilities of participating in almost all of the behaviors examined. Within this class, their highest probabilities were for Internet/computer use (0.51), reading/homework (0.42), and traditional sports (0.47), although this group of boys had low tendencies to participate in MVPA on both weekdays (0.10) and weekend days (0.03). Within all 3 classes of boys, the probability of talking or texting on the phone for an hour or more per day was generally low.
Latent Classes of Girls. Three distinct classes among girls were also identified. Class 1 of girls was similar to class 1 among boys and can be referred to as the "Active" class. While more over two-fifths of boys were categorized in the parallel boys' Active class, less than one-fifth (18.7%) of the girls in this sample were in this segment. Girls in class 1 had the highest probabilities for MVPA for at least 30 minutes on both weekdays (0.74) and weekend days (0.68) and were more likely to participate in traditional sports (0.56) and fitness activities (0.54) than girls in the other 2 classes. The likelihood of reading or doing homework was also relatively high for this group of girls (0.58). Class 2 accounted for the largest segment of girls with an estimated prevalence of 47.6%. Similar to boys in class 2, girls in this class had the highest probability of screen media use including using the Internet or computer (0.83) and watching DVDs/movies (0.54) for an hour or more per day, and watching TV for 2 or more hours per day (0.46). In addition, girls in class 2 also had the highest likelihood of texting or talking on the phone for an hour or more (0.65) and reading or doing homework for 2 or more hours (0.60). Girls in this class had low tendencies to participate in 30 minutes or more of MVPA on both weekdays (0.20) and weekends (0.05). Therefore, class 2 of girls was labeled as the "Sedentary" class. Class 3, which comprised another 33.7% of the sample of girls, was similar to class 3 of boys in that they had relatively low to moderate probabilities for most of the behaviors compared with girls categorized in the other 2 classes. Girls in class 3 had the lowest probability for participating in MVPA for 30 minutes or more on weekend days (0) and for all screen media activities (ie, TV, DVDs, computers, and video games). However, among the 3 girls' classes, girls in this class had the highest likelihood of participating in chores/work (0.54) and for other types of physical activities (0.45), possibly representing a "Low Media/Functional Activity" class of girls. Perhaps not surprising, the likelihood of playing video or computer games for an hour or more per day was relatively low for girls as compared with boys within each of the 3 classes.
Class Demographics
All youth were assigned to the class in which they had the highest posterior probability of membership. For boys, the average probability of correctly classifying each participant into each latent class was 0.82 for class 1 (Active), 0.74 for class 2 (Sedentary), and 0.78 for class 3 (Low Media/Moderate Activity). For girls, the average latent class probabilities for most likely latent class membership were 0.86, 0.82, and 0.77 for latent classes 1 (Active), 2 (Sedentary), and 3 (Low Media/Functional Activity), respectively, indicating good prediction of class membership.
To learn more about the 3 LCA-derived classes of boys and girls, chi-square procedures and latent multinomial logistic regression were completed to estimate associations with demographic characteristics. The results are presented in Table 6 in the form of column percentages with superscript letters indicating significant odds ratios comparing each class to one another. Among the classes of boys, those in the Active class had a significantly higher proportion (P < .001) of 6th to 8th graders than 9th to 11th graders compared with the Sedentary and Low Media/Moderate Activity classes. Boys in the Sedentary class were significantly more likely to be overweight than boys in the Active class (P < .05); however there were no differences in weight status between the Low Media/Moderate Activity class and either of the other 2 boys classes. There were no differences between the classes of boys in terms of race, parental education, family living arrangements, or percent receiving free or reduced-price lunch.
For girls, there were no differences in grade level, parent education, or receiving free or reduced-price lunch across the 3 classes. Members of the Sedentary class were significantly less likely to be white compared with girls in the Low Media/Functional Activity class (P < .05). There were significant differences in the proportion of girls living with both parents; girls in the Sedentary class were significantly less likely to live with both parents together than girls in both the Active class (P < .001) and the Low Media/Functional Activity (P < .0001). Finally, higher proportions of girls in the Sedentary class were classified as overweight compared with girls in the Active (P < .05) and Low Media/Functional Activity (P < .05) classes.
Discussion
The primary aim of this study was to identify unique classes of children and adolescents based on their participation in a variety of physical activities and sedentary behaviors and then to explore the differences in demographics between the emergent classes. Using LCA, a 3-class solution emerged as the best fitting model for both boys and girls. Indices of model fit were found to be acceptable and the latent classes represented meaningful classes that provide more detail than previous investigations that rely on unidimensional measures alone, such as whether children meet recommendations for particular activities.
In this sample, participation in MVPA was low with only 38% and 23% of youth participating in an average of 30 minutes or more per day on weekdays and weekend days, respectively. The Active class of boys was the largest of the 3 classes whereas the analogous class of girls was the smallest, which confirms the disparity previously shown between boys' and girls' in PA levels. 33, 34 Among boys, members in this class were more likely to be in middle school (6th-8th grade), confirming findings of other studies that show that younger children are typically more active than older youth. 21, 35, 39 Girls in the Active class also had relatively high probabilities of read- ing or doing homework, perhaps reflecting "productive sedentary behavior" as has been described elsewhere. 40 These results may also have important implications for targeting obesity prevention efforts. Boys and girls in the class characterized by high screen media use and sedentary activities were significantly more likely to be classified as overweight or obese than youth in the other classes. This finding is congruent with other studies that demonstrate a relationship between the time children spend with media and childhood obesity. [41] [42] [43] [44] However, as others have pointed out, 40 it is important to continue exploring the relative contribution of each individual sedentary activity or screen behavior when trying to understand the etiology of obesity and related behaviors. While a sedentary class was identified for both boys and girls, the activities that dominated these classes differed. For boys, playing video games, using the computer, and watching TV were key while for girls, using the computer, the phone, and reading/homework stood out as main contributors.
The third class for both boys and girls highlights another large segment of youth (approximately a third of boys and girls) that are minimally or moderately engaged in most of the activities relative to the other segments. These classes may underscore the multifaceted nature of children and adolescents' lifestyles. For this group, it seems that there is no one activity that dominates their daily activities. Girls within this class appear to have their time occupied by chores and outside work in addition to time spent doing other sports and activities. While they show some level of interest in PA, for this group it may be the irregularity with which they participate in PA that separates them from the more active segment of youth.
Because this study is the first of its kind to develop and assess PA and sedentary behaviors using LCA, it is difficult to directly compare the results to other studies. However, a few studies were identified that used cluster analysis to classify and describe groups of children and adolescents based on their activity patterns. [45] [46] [47] [48] Marshall et al 48 described patterns of sedentary and PA behavior in a sample of US and UK children aged 11 to 15 years old through gender-specific cluster analysis. Three similar clusters were found for both boys and girls: one cluster reported high levels of PA, playing video games, watching television, and for girls, talking on the telephone ("techno-active" for boys and "sociable actives" for girls), the second cluster reported high PA and fewer social sedentary behaviors such as talking on the telephone ("non-socializing actives"), and the third cluster was characterized as inactive, with members reporting lower levels of both physical and sedentary activities compared with the other groups ("uninvolved inactives"). 48 The current study has a number of limitations that should be noted. First, the study sample was limited to families within 1 metropolitan area within the Midwest, was predominantly white, and was of higher socioeconomic background. Baseline data collection for the IDEA and ECHO studies took place between the months of September and May, months which experience average daily temperatures between approximately 13 and 58 degrees Fahrenheit and an average range of snowfall between 0.5 to 10 inches. 49 Therefore, results of this study regarding PA behaviors may not be generablizable to all youth of this age or to youth from other geographical regions.
In addition, a different method of categorizing PA and sedentary behaviors could have resulted in a somewhat different latent class structure. For example, applying a higher cut point (such as 60 minutes per day) when dichotomizing MVPA may have resulted in alternative distinctions between classes. However, because youth in this sample were only participating in an average of 29 minutes and 21 minutes of MVPA on weekdays and weekend days, respectively, splitting these variables at 30 minutes was more appropriate. While dichotomizing variables is an approach that is commonly applied in LCA methods and may help in the communication and application of findings, there may be some loss of sensitivity that results from categorizing the data this way. Furthermore, this analysis did not distinguish voluntary (ie, discretionary) activities versus nonvoluntary (ie, school-based) activities. For example, the measure of reading included any reading that was done during youth's leisure-time as well as any reading that was associated with homework or that took place during the school day. Lastly, because the probability of membership in a particular class did not equal 1 for each individual, there is some uncertainty associated with assigning individuals to their respective latent class. Because this uncertainty was not modeled in the multinomial logistic regression, it is important that the results be interpreted as such. 28 Nonetheless, these analyses have shown the merits of LCA for the purpose of identifying and describing groups of children and adolescents based on their distinct PA and sedentary behaviors, and have provided potential contextual explanations for the patterns observed. Strengths include the relatively large size of the sample, which includes an even distribution of boys and girls that span the middle school and high school age ranges. A variety of PA and sedentary behaviors were measured using a variety of data collection methods, including measurement of PA via accelerometers. In addition, while cross-sectional analyses are typically viewed as a limitation in observational research, in LCA, the latent variable is assumed to be static or unchanging making the use of cross-sectional data appropriate.
The categorization and characterization of segments of youth in this study provides important information for the identification, framing, and tailoring of specific communication messages and intervention strategies. For example, during intervention planning stages the latent classes identified in this study could be used to stratify youth into appropriate groups for formative research such as focus groups. Discussions to identify salient messages and appropriate activities could be conducted to try to maximize reach and relevancy among the target audience. These profiles can be used more broadly to guide programs targeted toward these types of youth, and more specifically to match youth to tailored interventions.
Given the significant concern regarding the high prevalence of overweight and obesity among youth in this country, these findings may be very useful as part of the empirical basis in the guidance and planning of tailored and targeted interventions based on patterns of behaviors.
